7
137 Cat No-S1425S) to remove non-specific components from the lysate. After preclearing 4μg of β-138 catenin antibody (Cell signaling and Technology, Cat No-9562S) and IgG antibody (Cell signaling 139 and Technology Cat No-2729s) were incubated overnight at 4°C. Further 40μl of Protein A/G 140 Magnetic bead suspension were added and incubated with precleared lysate, agitated for 1h at 4°C.
141 Magnetic field was then applied to pull the beads to the side of the tube and 3 washes were 142 performed using Wash buffer. Further the bead pellet was suspended in 5X sample loading buffer. 144 The immunoprecipitated product was loaded on 10% SDS Polyacrylamide gel. The electrophoresis 145 of the sample was carried out using Tris-Glycine buffer at 100V. After the run was completed the 146 proteins were stained with Coomassie blue stain (Sigma Cat No-G1041). The gel band from IgG 147 Lane, β-catenin IP from control tissue and β-catenin IP from mild KC tissue were excised into 1 148 mm 3 . The gel was washed with washing solution (50% acetonitrile, 50mM ammonium 149 bicarbonate) until the Coomassie die was completely removed and incubated at room temperature 150 for 15min with gentle agitation. The gel was then dehydrated using 100% acetonitrile(ACN). Then 151 CAN was removed, and the dry gel was kept at room temperature for 10-20min in a vacuum 152 evaporator. The gel was rehydrated for 30min at 56ºC using reduction solution (10mMDTT, 153 100mM ammonium bicarbonate). Further alkylating solution (50mM iodoacetamide, 100mM 154 ammonium bicarbonate) was added and incubated for 30min in the dark at room temperature. After 155 sequential washing with 25mM NH 4 HCO 3 , 25mM NH 4 HCO 3 / 50% ACN, and 100% ACN, gel 156 pieces were dried and rehydrated with 12.5ng/mL trypsin (Promega, Madison, WI) solution in 157 25mM ammonium bicarbonate on ice for 30min. The digestion was continued at 37°C overnight.
143

SDS Page and in gel digestion
158 The tryptic peptides were extracted from gel pieces with extraction solution (60% ACN, 0.1% 8 160 resuspended in 50% acetonitrile, 0.1% TFA. The samples were spin down and spotted 0.5µL 161 volume on alpha-cyano-4-hydroxycinnamic acid matrix (10 mg/mL in 50% ACN, 0.1% TFA) of 162 MALDI plate. The spots were allowed to dry and further plate was loaded into Voyager.
163
Scanning Electron Microscopy
164 Scanning electron microscopy (FEG-SEM Quanta 400 instrument; FEI), was used to analyze the 165 morphology of epithelial tissue collected after surgery which were fixed with 3.7% glutaraldehyde 166 (Sigma Cat No-G5882) in PBS for 15 min in aluminum-coated coverslip. After washing twice 167 with PBS, the fixed tissues were dehydrated with an ascending sequence of ethanol (40%, 60%, 168 80%, 96-98%). After evaporation of ethanol, the samples were left to dry at room temperature for 169 24h on a glass substrate, and then analyzed by SEM after gold-palladium sputtering.
170
Preparation and Measurement of Elastic modulus of Polydimethysiloxane gel
171
and Gelatin Hydrogel 172 Polydimethylsiloxane (PDMS)gel was prepared using polymer and curing agent in a ratio of 1:10 173 at a temperature of 80ºC for 24h in 24 well plate. Further the PDMS were coated with type-1 174 collagen (Sigma Cat No -C4243). Hydrogels were prepared using type B gelatin (Sigma G9391).
175 50mg/ml of gelatin concentration with 0.8 µg/mL of glutaraldehyde as crosslinker were used for 176 preparing hydrogel and incubated at 4°C for 4h for gelation and cross-linking. The cross-linked 177 gelatin hydrogels were immersed in a 50mM glycine aqueous solution under agitation for 1h to 178 block the residual aldehyde groups of glutaraldehyde, followed by two washes with double-179 distilled water for 1h.
180 The stiffness of the gels were measured using Microsquischer (Ms.Cell Scale) instrument. The 181 compressive method was employed using 3X3mm plate bound to microbeam. Different forces 9 183 curves. To measure the stiffness, stress (Force/Area) and % strain (tip displacement) were 184 calculated. The graph of stress vs strain was plotted, and linear region was considered to calculate 185 the slope to find the young's modulus. The rheology (young's modulus) of hard PDMS gel was 186 measured using MCR301 rheometer (Anton Paar). As a positive control, we used cadaveric stroma 187 along with PDMS. Dynamic oscillary strain sweep experiments were completed on the 188 PDMS/Cadaveric stroma to find the limit of viscoelastic property. The sample size of 1cm radius 189 was used between the compressive plates. The size and thickness of the sample was maintained.
190 The dynamic time sweep was conducted at the frequency of 1 rad s −1 and the strain of 0.1% at 191 25°C. G′ is the storage modulus for measuring the gel-like behavior of a system, whereas G″ is the 192 loss modulus for measuring the sol like behavior of the system. 12 250 (P>.05) (Fig 2F) . Interestingly, significant loss of ZO1 expression (P< 0.05) and delocalization 251 was observed in the epithelium from mild KC patients (Fig 2G&H) .This data suggests that loss of 252 membrane bound β-catenin induces the loss of epithelial integrity in KC epithelium. 265 The loss of epithelial integrity is known to induce structural changes in the epithelium. Therefore, 266 we assessed the morphological changes using scanning electron microscopy and actin staining.
193
Culturing of corneal Epithelial tissue from Patients undergoing Photorefractive
267 Control epithelium showed uniform thickness (6 to 7 layers) in SEM imaging whereas the severe 268 KC epithelial showed thinning. The basal cells of severe KC epithelium exhibited larger surface 269 than the control epithelium (Fig 3A) .The border of KC epithelium was thinner than control 270 epithelium. Cellular morphology and the size of the cells were altered in severe keratoconus 271 compared to the control epithelium (Fig 3A) . Grade wise (Mild, Moderate and Severe) analysis of 13 273 epithelium, stress fibers were located mostly at the membrane of the cells whereas in severe KC 274 epithelium the stress fibers were found across the cells suggesting the changes in the actin 275 polymerization (FigS1). The altered actin polymerization is known to be regulated by Rho family 276 of proteins. Hence, we studied the expression of RhoA, Rac 123 expression in KC epithelium.
277 Expression of RhoA was found to be significantly upregulated (P< 0.05) in severe KC epithelium 278 compared to the control whereas Rac 123 levels were significantly downregulated (P< 0.05)in 279 severe KC epithelium (Fig 3B&C) . The altered morphology and expression of actin polymerizing 280 regulating proteins prompted us to analyze the polarity of KC epithelium. STX3 (Syntaxin 3) 281 which localizes to apical plasma membrane and is involved in membrane fusion of apical 282 trafficking pathway, was assessed to understand this phenomenon. The expression of STX3 was 283 not significantly affected in mild KC epithelium whereas in severe KC epithelium it was 284 significantly downregulated (P< 0.05) (Fig 3D) . β-catenin Co-immunoprecipitation and analysis of its interacting partners 292 using mass spectrometry 293 We next studied the role of Wnt signaling in KC, that mediates either nuclear localization or 294 cytosolic β-catenin degradation by the proteosomes. In KC the expression of β-catenin was 14 296 non-canonical Wnt signaling. We observed that there was no significant difference in the 297 expression level of Wnt5a protein in mild KC epithelium compared to control (Fig4A). The 298 observed stabilization of β-catenin in the cytoplasm may not be due to altered Wnt signaling but 299 could be due to the influence of interacting proteins in this region. Alternatively, the cytoplasmic 300 pool of β-catenin which is destined for ubiquitination and proteasomal degradation can be 301 stabilized by the presence of other interacting proteins in the diseased condition. This prompted us 302 to perform an endogenous Co-IP of β-catenin in control and mild KC epithelium which exhibited 303 undegraded β-catenin, along with IgG control. The presence of β-catenin was observed in the co-304 immunoprecipitated product (Fig 4B) . Then, we looked for the known interacting proteins of β-305 catenin in this precipitate. This protein interacts with cytoskeletal protein actin which is stabilized 306 by α-catenin and E cadherin proteins. Hence, we investigated whether the loss of membrane bound 307 β-catenin has any effect on these binding partners. Interestingly, we found that there was no loss 308 of interaction between β-catenin and E cadherin whereas interaction between β-catenin and α-309 catenin was lost in mild KC epithelium (Fig4C).
310 The Co-IP was performed to capture altered interacting proteins, if any, of β-catenin in the mild 311 stage of the disease as it is stabilized in the cytosol and then compared it to the protein interactions 312 in the control epithelium where this protein has membrane localization. The proteins were 313 separated on SDS gel and were tryptic digested in the gel and mass spectrometry was performed 314 as described in the experimental section to identify novel β-catenin interacting proteins. The 315 proteins were identified from the MS/MS spectra of the peptides (Supplementary S2, MS-MS 316 spectra data) using Mascot server. Endogenous β-catenin from the tissues, the bait protein used for 317 the pull-down assay, was detected in both control and KC tissue lysates. Endogenous Co-IP 15 319 distinguish these irrelevant background proteins, we devised a negative control using IgG antibody 320 with the same concentration as that of β-catenin antibody. The proteins identified by mass 321 spectrometry in the negative control (IgG immunoprecipitated from control tissues) were 322 subtracted from our downstream data analysis ( Table-1 367 We identified collagen alpha chain 1 protein as response to Bowman's layer breakage and exposure 368 to collagens present exclusively in the stroma. Therefore, we coated the TCP with collagen1 and 369 studied the actin reorganization compared to the non-collagen coated plates. We observed distinct 370 actin staining in corneal epithelial cells grown on collagen matrix compared to the non-coated 371 one (Fig 5B) indicating the effect of modification of ECM on corneal epithelial cells. Similar 372 alterations in ECM could be resulting in KC disease which shows predominant actin staining 373 compared to control (Fig 3B) .
374 Bowman's layer is present between epithelium and stroma and is clearly ruptured in KC 375 (Fig5C).We hypothesize that the central epithelium, in the presence of such breaks in the 376 Bowman's layer, may now sense the corneal stroma which has a different stiffness and activates 377 an altered response. To validate this hypothesis, we prepared PDMS which is 35 kPa and gelatin 378 hydrogel scaffolds whose elastic modulus is 7 kPa (Fig5C) . As a control, we measured the elastic 379 modulus of normal cadaveric stroma which was 25±5 kPa which is in agreement to the published 380 reports [17] . β-catenin localization on epithelial graft grown on PDMS showed membrane 381 localization whereas on gelatin hydrogel it showed both membrane and cytoplasmic localization
382 similar to what we had demonstrated in the epithelium of mild KC (Fig5D) . Hence, our data
